
Tonightʼs  Agenda

1) Quick review of last week

2) Lesson on Force and Motion

3) Experiments on Force and Motion

4) More discussion on Post  Project

5) Volunteers for Holiday Party

Basic  Quantities -     Independent

Charge   -  Electro-magneticsMatter -  Mass

TimeSpace  -  Length



Combinations  of  Basics

Velocity =

Density =

Force =
Length
Time

Mass
Length

2
Mass Length

Time

3

Momentum =
Time

Mass Length

Derived  Quantities

Dimensionality
   And   Units

Energy  = Time
Mass Length 2

2

Used  in  Aerodynamics

Velocity =

Density = Force =

Length
Time

Mass
Length 2

Mass Length

Time

3

Momentum =
Time

Mass Length

Derived  Quantities

Dimensionality

Energy  = Time
Mass Length 2

2

Pressure =
2

Mass
Length

Force
Area =

Time

Mass  Flow  = Mass
Time

Torque = 2
Mass Length

Time

2



Temperature – Basic or Derived ?

Density  ->   mass  and volume
Pressure  ->   momentum  (mass  x  velocity)

Temperature ->   kinetic  energy  (mass  x  velocity    )2

Laws  of  Physics ?
Observations  of  the  Relations
    between  Derived  Quantities
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How do I describe  the location  of an object ?

How do I describe  the location  of an object ?

Select  an Origin  -  point of reference



How do I describe  the location  of an object ?

Establish  co-ordinates through the  origin

X

Y

How do I describe  the location  of an object ?

Measure lengths along 
      the co-ordinates

X

Y

Xp

Yp
Point  p
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Rectangular   and  Polar  Coordinates

Point  p

X

Y

X

Y

Origin

p

p

r
θ

Point  p  can  be  located relative to the origin by Rectangular
Coordinates  (X   , Y    )  or  by   Polar Coordinates  (r , θ )p p 

X      =  r  cos (θ) 

Y     =  r  sin (θ) 
p 

p 

r   =  sqrt (  X     + Y     ) p p 
2 2 

θ   =  tan     (  Y     /  X     ) p p -1 
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Suppose  the  Object  Moves?

VV 10

Initial  Position
  (X   ,  Y  , t  = 0 )0         0     

X

Y

X X

Final  Position
  (X   ,  Y  , t  )1         0       

0 1

How   do  we  describe  the  motion ?
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How  do  we  describe  motion?

VV 10

Initial  Position
  (X   ,  Y  , t  = 0 )0         0     

X

Y

X X

Final  Position
  (X   ,  Y  , t  )1         0       

0 1

 Displacement

d  =  X    -  X1               0
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How  do  we  describe  motion?

VV 10

Initial  Position
  (X   ,  Y  , t  = 0 )0         0     

X

Y

X X

Final  Position
  (X   ,  Y  , t  )1         0       

0 1

Average   Velocity

d  =  X    -  X1               0

V  =   d  /  t
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How  do  we  describe  motion?

VV 10

Initial  Position
  (X   ,  Y  , t  = 0 )0         0     

X

Y

X X

Final  Position
  (X   ,  Y  , t  )1         0       

0 1

Acceleration

d  =  X    -  X1               0

V  =   d  /  t

a  =  (V   -  V  ) /  t1           0
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Displacement, Velocity, Acceleration

VV 10

Initial  Position
  (X   ,  Y  , t  = 0 )0         0     

d  =  X    -  X

V  =   d  /  t

a  =  (V   -  V  ) /  t
X

Y

X X

Final  Position
  (X   ,  Y  , t  )1         0       

0 1

1               0

1           0

If  velocity  is  constant   -  acceleration  is   zero

If  acceleration   is  zero   -  velocity is constant
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Displacement, Velocity, Acceleration

VV 10

Initial  Position
  (X   ,  Y  , t  = 0 )0         0     

d  =  X    -  X

V  =   d  /  t

a  =  (V   -  V  ) /  t
X

Y

X X

Final  Position
  (X   ,  Y  , t  )1         0       

0 1

1               0

1           0

If  the acceleration is a constant -   

d  =  t  V   =  V   t  +  ½  a  t 2

V  =  ½  (V  +  V  )1              0 = ½  (V   +  a t  + V  )
1              0

0                             0 =  V  + ½ a t0

0

V  =  V   +  a  t

Suppose  the  Origin  is  Moving ?

V0

refV



Suppose  the  Origin  is  Moving ?

V0

refV

If  the  reference  velocity  is  constant – no problem

                 “ Newtonian  reference  plane”

Actual  velocity of aircraft is
                    V   +  V   0 ref



S
Sir  Isaac  Newton
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Four  Forces  on an Airplane

Lift

Weight

Drag

Thrust
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